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(54) Rapid heat block thermocycler 

(57) A heat block thermocycler to perform rapid 
PCR in multiple small-volume samples (0.5-10 uJ) em- 
ploying a small, low-profile, lowthermal capacity sample 
block the temperature of which can be rapidly and ac- 
curately modulated by a single thermoelectric pump. An 
array of spaced-apart sample wells is formed in the top 
surface of the block. The samples are placed into the 
wells of a small, u It rath in-walled (20-50 urn) multiwell 
plate and located into the sample block. The multiwell 



plate closely fits the array of sample wells and the top 
surface of the sample block. The heated lid tightly seals 
the wells by pressing the sealing film to the top surface 
of the multiwell plate supported by the top surface of the 
sample block. Air pressure arising inside the tightly 
sealed wells at elevated temperatures deforms the elas- 
tic walls of the wells of the ultrath in-walled plate and 
brings them into close thermal contact with the sample 
block. An elastic gasket thermally isolates the sample 
block from the heated lid. 



Fig. 2 
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Description 

[0001] The invention relates to thermocyclers for an 
automatic performance of polymerase chain reaction 
(PCR), particularly to rapid thermocyclers. More specif- s 
ically, it relates to rapid thermocyclers for parallel 
processing of multiple small-volume samples. 
The present invention is especially useful for rapid, high- 
throughput, inexpensive and convenient PCR-based 
DNA-diagnostic assays. 10 
Since its first published account in 1 985 the polymerase 
chain reaction has been transformed into myriad array 
of methods and diagnostic assays. Temperature cycling 
of samples is the central moment in PCR. In recent 
years various rapid thermocyclers have been developed is 
to address the slow processing speed and high sample 
volumes of conventional heat block thermocyclers. 
These rapid thermocyclers can be divided into two 
broad classes: 

20 

1. Capillary thermocyclers hold the samples within 
a glass capillary and supply heat convectively or 
conductively to the exterior of the capillary. For the 
description see Wittwer, C.T., et at., Anal.Biochem . 
186 ; p328-331 (1 990); Friedman, N.A., Meldrum, D. 25 
R. Anal. Chem. , 70: 2997-3002 (1998) and U.S. 
Patent No 5,455,175. 

2. Microf abricated thermocyclers are thermocyclers 
constructed of microfabricated components; these 30 
are generally etched structures in glass or silicon 
with heat supplied by integral resistive heating and 
rejected passively (or actively) to the ambient by the 
structure. However, other schemes of thermocy- 
cling, as continuous flow thermocycling of samples 35 
are also used. For the description see Northrup, M. 

A., et al., Transducers 1993: 924-926 (1993); Tay- 
lor, TB., et al, Nucleic Acid Res. . 25: pp 3164-3168 

(1997) ; Kopp, M. U. et al., Science, 280: 1046-1048 

(1998) ; U.S. Patent No 5,674,742; U.S. Patent No 40 
5,716,842. 

[0002] Both classes of rapid thermocyclers employ 
the increased surface-to-volume ratio of the reactors to 
increase the rate of heat transfer to small samples (1-10 45 
u.l). Total DNA amplification time is reduced to 10-30 
minutes. Conventional heat block thermocyclers usually 
take 1-3 hours to complete temperature cycling of 
10-100 jal volume samples, However, with these bene- 
fits also several disadvantages appear. The increased so 
surface area between reagents and reactors (i.e. 10-80 
fold compared to standard PCR tubes) causes a loss of 
enzyme activity, presumably due to electrostatic inter- 
actions between DNA polymerase and silanol anions 
that arise in silica during thermocycling. Furthermore, ss 
DNA can also be irreversibly adsorbed onto the silica 
surface of the reactors, especially in the presence of 
magnesium ions and detergents that are the standard 
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components of a PCR mixture. Therefore, PCR in glass- 
silicon reactors requires the addition of carrier protein 
(e.g. bovine serum albumin) and a rigorous optimization 
of its concentration. Furthermore, the enzyme concen- 
tration has to be increased to obtain an equivalent per- 
formance to conventional PCR in plastic tubes. 
[0003] Another disadvantage of these reactors is the 
very complicated way of loading and recovering the 
samples. In addition, the standard pipetting equipment 
is usually not compatible with such reactors. These in- 
convenient and cumbersome procedures are also time- 
consuming and labor-sensitive, thus limiting the 
throughput of the thermocyclers. Finally, although the 
reagents costs drop with a volume reduction to 1-1 OuJ, 
the final costs are relatively high due to a high cost of 
capillary and, especially, microfabricated reactors. 
The present invention bears some similarity to conven- 
tional heat block thermocyclers for performing PCR in 
plastic microplates (for example, see US Patent No 
5,475,610). However, in contrast to conventional heat 
block thermocylers, it provides the means for rapid tem- 
perature cycling of small volume samples (i.e. 0.5-10 
u.l). More specifically, it provides a rapid heat block ther- 
mocycier for convenient, high-throughput and inexpen- 
sive, oil-free temperature cycling of multiple small-vol- 
ume samples. 

[0004] Accordingly, the invention concerns a heat 
block thermocycler for subjecting a plurality of samples 
to rapid thermal cycling, the heat block thermocycler 
comprising 

means for holding the plurality of samples compris- 
ing 

the ultrathin-walled multiwell plate capable of 
holding a plurality of samples, and 
a low profile, low temperature capacity sample 
block having an array of wells, wherein the said 
wells are of similar height and shape with the 
wells of the ultrathin-walled microwell plate. 

means for heating and cooling the sample block 
comprising at least one thermoelectric pump 
means for sealing the plurality of samples compris- 
ing a high-pressure heated lid. 

[0005] The invention is more specifically illustrated by 
the accompanying figures: 

Figure 1 illustrates the diagram of the ultrathin- 
walled microwell plate 

Figure 2 illustrates the diagram of the rapid heat 
block thermocycler. 

Figure 3 illustrates the photograph of an agarose 
gel the DNA in which was visualized by ethidium 
bromide and UV light. This photograph demon- 
strates rapid amplification of a 454-bp fragment of 
human papillomavirus (HPV) DNA. 
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[0006] The first and major aspect of the present in- 
vention concerns the use of small, low-profile, ultrathin- 
walled multiwel! plates for holding small biological sam- 
ples (i.e. 0.5-10 u.l) (1). Especially important is the con- 
siderably decreased thickness (i.e. 10-20 fold) of the 
well walls compared to conventional, thin-walled PCR 
plates. This can be reached, for example, rather by 
means of thermoforming thin thermoplastic films than 
by injection molding. An additional great advantage is 
that thermoforming, due to the small tooling costs, is 
much less expensive than high-precision injection mold- 
ing which is needed to produce extremely thin parts. 
Such thermoplastic films are, for example, polyolefin 
films, such as metallocene-catalyzed polyolefin films, 
copolymer films and cast polypropylene films, such films 
having a thickness of not more than 50 um Preferen- 
tially, the multiwell plate is vacuumformed out of a 30-50 
u.mcast, unoriented polypropylene film. Usually, the film 
is formed into a "female" mold comprising a plurality of 
spaced-apart, conically shaped wells which are ma- 
chined in the body of a rectangular- or square-array 
shaped mold. The advantage of vacuumforming into a 
"female" mold is that the thickness of the walls of the 
formed wells is gradually reduced to 15-20 pm at the 
bottoms of the wells. The plastic material polypropylene 
is compatible with the standard PCR chemistry and 
therefore widely used for injection molding of PCR tubes 
and/or multiwell plates, in addition, it has a reduced wa- 
ter vapor sorption when compared to other plastics (e. 
g. polycarbonate). The volume of the wells is not more 
than 40 uJ, preferably 20 uJ, the height of the wells is not 
more than 3.8 mm, the diameter of the openings of the 
wells is not more than 4 mm and the inter-well spacing 
is not more than 4.5 mm. Usually the number of wells is 
in the range of 36-96. As shown in Figure 1 , the handling 
of the plate (1) containing the multiple wells (2) is facil- 
itated, by a rigid 0.5-1 mm thick plastic frame (3) which 
is heat bonded to the plate. The thickness of the well 
walls of the film-formed plate is reduced 1 0-20 fold when 
compared to the conventionally injection-molded PCR 
plates. By means of the well known Fourier equation for 
the heat transfer in solid substances, it can be shown 
thattheheattransferthrough the walls of the film-formed 
plates is 10-20 fold faster when compared to conven- 
tional PCR tubes. In practice, the temperature of small 
samples (1-10 uJ) contained in ultrath in-walled plates 
equilibrates with the temperature of the sample block (4, 
see Figure 2) in 1-3 seconds. For comparison, it takes 
20-40 seconds to equilibrate the temperature of 1 0-1 00 
jllI samples with the temperature of the sample block 
when the samples are contained in conventional thin- 
walied PCR tubes. The other principal advantage of the 
use of low-profile plates with relatively large openings 
of the wells (i.e. a diameter of 4 mm) for rapid tempera- 
ture cycling of multiple samples is that small samples 
can be rapidly and accurately placed into the wells by 
means of conventional pipetting equipment. In this case 
no special skills are necessary when compared to the 
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time consuming and labor-intense loading of capillaries 
or micro reactors, 

[0007] The second aspect of the invention is, that, in 
order to ensure the efficient and reproducible sealing of 

s small samples (5, this and the following numbers refer 
to Figure 2) by using heated-lid technology, the conically 
shaped wells (2) are of identical height with similarly 
shaped wells machined in the body of the sample block 
(4) of the thermocycler. in contrast to conventional PCR 

10 plates, the ultrathin -walled plate closely fits the array of 
the sample wells and the top surface of the sample block 
(4). Thus, as shown in Figure 2, the geometry of the 
wells enables the positioning of the entire multiwell plate 

(I) into the sample block (4). In this case the pressure 
75 caused by a screw mechanism (6) of the heated lid is 

actually directed to those parts of the multiwell plate 
which are supported by the top surface of the sample 
block (4) and not to the thin walls of the wells of the plate 
as it is the case for the PCR tubes or conventional PCR 

20 plates (see US Patent No 5,475,610). This advantage 
makes it possible to increase the sealing pressure of the 
heated lid several fold (i.e. 5-10 fold) compared to the 
conventionally used pressure of 30-50 g per well without 
cracking the conically shaped walls. The tight thermal 

25 contact between the extremely thin walls of the wells 
and the body of the block (4) is achieved automatically 
by the increased air pressure arising in the sealed wells 
at elevated temperatures. The high pressure heated lid 
comprises a screw mechanism (6), a heated rigid metal 

30 (e.g. aluminium) plate (7) and an elastic insulating gas- 
ket (8). Conventionally, the metal plate (7) is heated by 
resistive heating, its temperature is sensed by a ther- 
mistor (9) such as a commercially available one, and 
controlled by a programmable controller (1 0). The elas- 

35 tic gasket (8) is usually a 1 .5-2 mm thick silicon-rubber 
gasket. It serves for a tight pressuring of the sealing film 

(I I ) made of, for example, polypropylene, to the top sur- 
face of the multiwell plate (1) and for the thermal isola- 
tion of the sample block (4 ) from the metal plate (7). 

40 The sealing film (11 ) is usually a 50 um thick polypro- 
pylene film. It prevents the contamination of the gasket 
(8) by PCR products during thermocycling. Surprisingly, 
by the above means of sealing the plates, samples of a 
volume of as few as, for example, 0.5 u.1 can be easily 

45 amplified without reducing the PCR efficiency. 

For comparison, conventional, low-pressure heated lids 
can be reliably used for oil-free temperature cycling of 
samples of a minimum volume of 20 uJ (See US Patent 
No 5,475,610). 

so [0008] The third aspect of the invention concerns the 
use of a low profile, low thermal capacity metal-sample 
block (4), e.g. of silver (or silver alloy) or of oxygen-free 
copper, for holding the multiwell plates. The sample 
block has a major top surface and a major bottom sur- 

55 face. An array of spaced-apart sample wells is formed 
in the top surface of the block. Usually the height of the 
3cm x 3cm (or 4cm x 4cm) block is not more than 4 mm 
and the thermal capacity is of approximately 3.5 to 7 
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watt-seconds per °C. This allows the use of a standard, 
40-90 watt thermoelectric pump (Peltier module) (1 2) for 
rapid (greater than 5° C per second) heating and cooling 
of the sample block. For comparison, the sample block 
for holding 96 conventional PCR tubes has the thermal s 
capacity of 500-600 watt-seconds per °C (see US Pat- 
ent No 5,475,61 0). The average heating-cooling rate of 
conventional heat block thermocyclers is usually limited 
to 1 -2.5° C per second because of the high thermal ca- 
pacity of the sample blocks. A single thermoelectric 10 
module for heating and cooling has the advantage of an 
improved thermal contact between the module (1 2) and 
the sample block (4) and the module and the air-cooled 
heat sink (13), e.g. of afuminium, when compared to the 
use of multiple modules due to the height differences is 
between the modules. The thermocouple (14), e.g. the 
copper-constantan thermocouple, (each wire: about 50 
urn diameter) with a time constant not greater than 0.01 
sec is used for sensing the temperature of the sample 
block (4). The programmable controller (10) is used for 20 
a precise time and temperature control of the sample 
block (4). Using the metal multi sample block identical 
thermocycling conditions are guaranteed for all samples 
of one PCR run. This is in contrast to individual micro- 
reactors or capillaries, where a uniform heating and 25 
cooling of multiple samples cannot be guaranteed. 
[0009] Summarized, this invention has many advan- 
tages when compared to capillary or microfabricated 
rapid thermocyclers. Multiple small-volume samples 
can be easily loaded into the wells of ultrath in -walled 30 
multiwell plate by conventional pipetting equipment. . 
Furthermore, they can be rapidly and efficiently sealed 
by using a high-pressure heated lid. Upon amplification 
the samples can be easily recovered for product analy- 
sis by electrophoresis or hybridization, thus allowing al- 35 
so high throughput amplification. Finally, standard PCR 
mixtures can be used for rapid temperature cycling with- 
out adding carriers, like BSA. Last but not least, the use 
of disposable, inexpensive, ultrathin-walled plates al- 
lows a great reduction of the total costs. 40 
[0010] The following examples serve to illustrate the 
invention but should not be construed as a limitation 
thereof. 

Example 1: 45 

[0011] A heat block thermocycier for subjecting a plu- 
rality of samples to rapid thermal cycling according to 
the invention is depicted in Fig. 2, wherein 

so 

3) is a 0.5 mm thick plastic frame with a 50 urn thick 
polypropylene multiwell plate 

4) is the 3 cm x 3 cm sample block (oxygene-free 
copper) 

5) is a 3 \i\ sample ss 

6) is the screw mechanism of the heated lid 

7) is the heated aluminium plate (thickness: 4mm) 

8) is the elastic insulating, 1 .5 mm thick silicon-rub- 



ber gasket 

9) is the thermistor 

10) is the programmable controller 

11) is the 50 um thick polypropylene sealing film 

12) is the 40 watt, thermoelectric pump (3 cm x 3 
cm; Peltier module) 

13) is the air-cooled aluminium heat sink (15 cm x 
15 cm x 4 cm) 

14) is the copper-constantan thermocouple (each 
wire: 50 u.m diameter). 

Example 2: 

[0012] Figure 3 illustrates the photograph of an elec- 
trophoretically separated 454-bp fragment of human 
papillomavirus DNA. The fragment was amplified by us- 
ing the rapid heat block thermocycier according to Ex- 
ample 1 operating at the average, ramping rate of 4.5 P 
C/second and 50 u.m thick polypropylene multiwell plate. 
The conditions for the reaction mixture were as de- 
scribed by Ting and Manos (PCR protocols, chapter 42 
(1990) Eds.: Innes, Gelfand, Sninsky and White, ISBN 
0-12-3721 BO-6), except that a sample volume of 3 uJ 
was used. Incubation times were as follows: denaturing: 
3 seconds at 95° C, annealing time: 3 seconds at 55°C, 
extension time: 16 seconds at 72° C, number of cycles: 
30; total amplification time: 20 minutes. Line 1-5: sam- 
ples (10 4 of input viral DNA copies) placed randomly into 
wells of a 36-well plate. Line 6: molecular weight marker 
(Lambda-phage DNA, pstl- restriction digest). 
As it can be seen from the figure, the product yield and 
specificity of the exponential DNA amplification reaction 
was very high, although the total amplification time was 
20 minutes only and the reaction was performed in ex- 
cess of human genomic DNA. 



Claims 

1. A heat block thermocycier for subjecting a plurality 
of samples to rapid thermal cycling, the heat block 
thermocycier comprising 

means for holding the plurality of samples com- 
prising 

- the ultrathin-walled multiwell plate capable 
of holding a plurality of samples, and 
a low profile, low temperature capacity 
sample block having an array of wells, 
wherein the said wells are of similar height 
and shape with the wells of the ultrathin- 
walled microwell plate. 

means for heating and cooling the sample block 
comprising at least one thermoelectric pump 
means for sealing the plurality of samples com- 
prising a high-pressure heated lid. 
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2. A heat block thermocycler according to claim 1 
wherein the said ultrath in-walled multiwell piate has 
a wall thickness of not more than 50 jam. 

3. A multiwell plate according to claim 2 wherein the s 
said plate comprises an array of wells of a volume 

of not more than 40 ul 

4. A heat block thermocycler according to claim 1 
wherein the said sample block has a height of not 10 
more than 4 mm. 

5. A sample block according to claim 4 wherein the 
said block has a thermal capacity of not more than 

6 watt seconds per °C. 15 

6. A heat block thermocycler according to claim 1 
wherein the temperature of the said sample block 
can be rapidly and controllably increased and de- 
creased at a rate of at least as great as 5 D C per so 
second by a single thermoelectric pump. 

7. A heat block thermocycler according to claim 1 
wherein the high pressure heated lid has an elastic 
insulating gasket. 25 

8. A heated lid according to claim 7 wherein the elastic 
insulating gasket is a silicon-rubber gasket 

30 
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